Abstract. Daphnia pulex respond to water-borne chemicals released by predatory phantom midge larvae (Chaoborus spp.) with adaptive life-history and morphological responses. These responses can be modified by some classes of pesticides. The aim of this study was to measure the effects of a cyclodiene pesticide, endosulfan, on the Chaoborus-induced responses of D.pulex. Chaoborus induced the development of neckteeth, a faster growth rate, larger size at maturity, and higher fecundity in D.pulex. There was no evidence of any costs associated with neckteeth production except a small increase in age at maturity. Endosulfan was lethal to free-swimming D.pulex only at 300 µg l -1 , but caused significant mortality to embryos at concentrations as low as 0.1 µg l -1 . It inhibited the development of neckteeth at 100 µg l -1 , and reduced the growth rate of the induced morph at concentrations ≥0.1 µg l -1 . Endosulfan had a unimodal effect on the expression of neckteeth in maternally-exposed daphnids, with maximal inhibition at intermediate concentrations. Endosulfan increased the number of neckteeth only in the first instar of maternally-exposed neonates at 200 µg l -1 . More generally, the results of this study suggest that anthropogenic pollution may inhibit phenotypic plasticity, indirectly limiting the temporal and spatial range of affected species.
Introduction
It is well established that the water-flea, Daphnia pulex, can detect chemical signals released by predatory phantom midge larvae (Chaoborus spp.) and respond with life-history, morphological and behavioural changes that reduce their vulnerability to predation (Krueger and Dodson, 1981; Havel and Dodson, 1987; Luning, 1992) . The predator-induced responses of Daphnia include both qualitative and quantitative changes (Tollrian, 1993) , making it an ideal system for studying phenotypic plasticity and its regulation. Phenotypic plasticity enables an organism to express different phenotypes in alternate environments, increasing its environmental tolerance and potentially expanding its spatial and temporal distribution (Lynch and Gabriel, 1987) . In recent decades, chemical pollution has impacted on most aquatic ecosystems and even the most remote water bodies have been affected (Lubchenco et al., 1991) . One result is that aquatic organisms are subject to a range of anthropogenic stressors which may affect their ability to adapt to natural variations in their environment. An understanding of the impact of chemical stress on phenotypic plasticity is therefore important for both conservation management and aquatic ecology in general.
The main morphological response of D.pulex to the Chaoborus kairomone is the development of a dorsal hump or pedestal and a variable number of neckteeth. The size of the pedestal and the number of neckteeth produced are both positively correlated with the concentration of kairomone (Parejko and Dodson, 1990; Tollrian, 1993) . The Chaoborus kairomone also induces a number of life-history modifications, including shifts in the size and age of the daphnids at maturity, first brood size and estimated population growth rate (r) (Havel and Dodson, 1987; Black and Dodson, 1990; Riessen and Sprules, 1990; Spitze, 1992; Black, 1993; Tollrian, 1995) . These changes have often been regarded as energetic costs of neckteeth formation (Riessen, 1984; Havel and Dodson, 1987; Ketola and Vuorinen, 1989) .
Relatively little is known of the physiological mechanisms which regulate the expression of inducible defenses in Daphnia. Jacobs hypothesized that crest development was regulated by target-specific hormones released into the haemolymph (Jacobs, 1980 ). Beaton and Hebert described large polynucleated cells at the base of the inducible structures which are the likely target cells for such hormones (Beaton and Hebert, 1996) . Hanazato showed that toxic doses of several pesticides, all of which were cholinesterase inhibitors, could induce crests or neckteeth in some species of Daphnia (Hanazato, 1991a) . Barry hypothesized that the insecticide-induced responses reported by Hanazato and his co-workers were due to stimulation of cholinergic nerves innervating neuro-endocrine glands that released the crest-inducing hormones (Barry, 1998) . He also demonstrated that the cyclodien pesticide, endosulfan (6,7,8,9,10,10␣-hexa-chloro-1,5,5␣,6,9,9␣,hexahydro-6,9-methano-2,4,3-benzodiexathiepin-3-oxide) , could increase crest size in Daphnia longicephala. The molecular target for endosulfan is the GABAA receptor (Lawrence and Casida, 1984; Bloomquist and Soderlund, 1985) , suggesting that GABA (␥-aminobutyric acid) may be an inhibitory neuro-transmitter, downregulating the expression of inducible defenses in Daphnia.
Several studies have demonstrated that kairomone-exposed daphnids are less tolerant of natural stresses. Hanazato showed that kairomone reduced the tolerance of Daphnia ambigua to high temperatures and also reduced the relative length of the crest to a small extent (Hanazato, 1991b) . Similarly, low oxygen conditions reduced both growth rate and the development of neckteeth of kairomone-exposed D.pulex compared with predator-free treatments (Hanazato and Dodson, 1995) . These authors also found that Chaoborus kairomone synergistically increased the toxicity of carbaryl and prolonged the maintenance of neckteeth in D.pulex (Hanazato and Dodson, 1992) . However, when D.longicephala were simultaneously exposed to sublethal concentrations of carbaryl and a notonectid kairomone, the crest size of 3-day-old daphnids was decreased at 3.2 µg l -1 carbaryl and the kairomone reversed the effects of carbaryl on age, body length and brood size at maturity (Barry, 1999) .
The aim of this study was to measure the effects of endosulfan on Chaoborusinduced morphological and life-history shifts in D.pulex. I hypothesized that low concentrations of endosulfan would stimulate the production of neckteeth in D.pulex by blocking the binding of GABA to its receptor. Endosulfan is commonly used as an insecticide on cotton and vegetable crops in many regions of the world. Studies of pesticide residues in tree bark indicate that endosulfan does not migrate by global distillation, but is a common contaminant in areas surrounding agricultural regions (Simonich and Hites, 1995) .
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Method
A clone of D.pulex from the culture collection of L.Weider was used for this study. Experiments were performed using 0.45 µm-filtered water from the Schöhsee, a mesotrophic North German lake. Daphnia were fed chemostat-cultured Scenedesmus acutus at a concentration of 1 mg carbon l -1 . Fresh algae were collected daily, concentrated by centrifugation, and resuspended in filtered lake water. The algal density was determined spectrophotometrically. Experiments were performed in a constant temperature room 20°C (±1°C) under a bank of fluorescent lights with a 16 h light:8 h dark photoperiod.
Water containing Chaoborus kairomone (K + ) was prepared by placing 7 l of filtered lake water in a Nalgene® carboy. Two plastic bottles with bases made of 100 µm nylon mesh were suspended in the carboy, and a total of 45 third and fourth instar Chaoborus flavicans plus approximately 100 neonatal D.pulex were placed in each bottle. After 24 h, approximately 80% of the daphnids were normally consumed. The K + water was filtered to 0.45 µM and aerated for 30 min before use. Control water (K -) was prepared in a similar manner, except no Chaoborus and only 30 neonatal daphnids were added to each bottle. Thirty neonatal daphnids were used because this was the logarithmic mean of daphnid density in the K + bottles over 24 h.
The test solutions were prepared by adding 1 l of K + media plus algal food to each of seven Erlenmeyer flasks. Technical endosulfan (70% ␣ isomer, 30% ␤ isomer) (Riedel DeHann, Pestanal grade) was added to each flask at the required concentration in 25 µl of acetone (HPLC grade). The stock solutions were stored at 4°C when not in use. The test concentrations were 0.1, 1.0, 10, 100, 200 and 300 µg l -1 endosulfan. Control flasks received 25 µl of acetone only. This procedure was repeated with the K -media, giving a fully-crossed design with two predator levels and seven pesticide concentrations, or 14 different treatments in total. The medium from each Erlenmeyer flask was distributed to 10 glass jars, giving 10 replicates of each treatment. The jars were arranged in a randomized design under the bank of fluorescent lights.
The maternal brood stock were the offspring of a single daphnid and were maintained under optimum conditions for two generations prior to the start of the study. Five females bearing late-stage third brood embryos were place in 1 l K + media and five females in 1 l K -media (F0 generation). The neonates were discarded and the daphnids transferred to fresh media every 24 h until they released their fourth brood of offspring. This ensured that the experimental daphnids were exposed to kairomone throughout their entire developmental period, as this may influence maximal induction (Parejko, 1992) . Neonates were collected after 16 h and a single animal from the appropriate pre-treatment added to each jar (F1 generation). Daphnids were transferred to fresh solutions daily. The experiment continued until all surviving daphnids had released their first brood offspring (F2 generation) and produced second brood eggs.
The body length and neckteeth of all daphnids were measured daily using a Leitz ® stereo-binocular microscope connected to a computerized image analysis system (Soft-Imaging Software, Munster, Germany). Body length was defined as
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the distance from the most posterior point on the eye to the base of the junction of the tail spine with the carapace. Crest development was measured with the aid of an additional ϫ10 lens, giving a total magnification of ϫ400. Neckteeth were scored using a modification of the systems of Parejko and Dodson (Parejko and Dodson, 1990 ) and Tollrian (Tollrian, 1993) . Three neck shapes were recognized, representing stages from non-induced through maximal induction: (A) normal; (B) neck-keel formation; (C) neck-keel with pedestal [see Figure 1 of (Tollrian, 1993) for photographs of each neck type]. Neck shape was scored as follows: (A) = 0; (B) = 0.5; and (C) = 1. A scoring system was also used for the number and size of neckteeth. A large, fully developed necktooth was scored as 1; a necktooth that was less than 50% of a large necktooth in height, but still clearly visible, was scored as 0.5. A necktooth that was only visible under the highest power magnification (ϫ400) was scored as 0.1. A total measure of induction was then calculated as the sum of neck shape plus neckteeth scores.
The age at first reproduction was recorded to the nearest 8 h by regularly checking the daphnids as they approached maturity and adjusting the time based on the stage of egg development. Following release of the first brood, the animals were killed and the number of second brood eggs in the brood-chamber counted. Two neonates from each brood were transferred to a fresh beaker containing the same pesticide and kairomone conditions as their mother. The length and number of neckteeth in each of these F2 animals were also measured in the first and second instars.
The effects of kairomone and endosulfan on the development of neckteeth in each instar of the F1 and F2 generations were analysed by analysis of variance (ANOVA). The effects of endosulfan and kairomone on body length in the first six instars of the F0 generation, and the first instar of the F1 generation, were analysed by 2-way ANOVA. Similarly, the effects of the two treatments on age at maturity, total number of first brood neonates, total surviving first brood neonates and total second brood eggs were analysed by 2-way ANOVA. A critical value of P < 0.05 was used in all analyses. Tukey's test was used as a post hoc test when a significant difference was detected. Prior to performance of analyses, data were checked to ensure that they met the assumptions required for parametric ANOVA. When variances were heteroscendastic or there was a significant positive correlation between the mean and variance, the data were log-transformed. Ratio data were normalized by arcsin transformation (Zar, 1984) . All results are presented as mean ±1 SE.
The intrinsic rate of natural increase 'r' was estimated using the formula:
where m x1 is first brood size and T x1 is age at maturity (Howe, 1953) . A value of 'r' was calculated for each animal under the assumption of no population mortality, an assumption that was justified by restricting the analysis to endosulfan concentrations ≤200 µg l -1 . The effects of the pesticide and kairomone on 'r' were measured using 2-way ANOVA.
Results
In the first generation, endosulfan caused no mortality to D.pulex at any concentration except 300 µg l -1 . There was 70% mortality of K -daphnids and 50% mortality of the K + daphnids at 300 µg l -1 . Because of the high mortality, the 300 µg l -1 groups were excluded from any statistical analysis. Most daphnids produced neckteeth in the first instar, regardless of whether they were exposed to Chaoborus kairomone or not. The maximal number of neckteeth were produced in the second and third instars, and some were retained into the fourth (Figure 1) . However, by the fifth instar, all daphnids had lost their neckteeth and converged on a 'normal' neck shape. In the first instar, there was no effect of kairomone on the number of neckteeth (P > 0.05). In the second instar, most K -daphnids had lost their neckteeth and there was no effect of endosulfan on the number of neckteeth displayed by the K + daphnids (P < 0.05). In the third instar, there was a negative correlation between endosulfan concentration and neckteeth, but the overall ANOVA was not significant. Neckteeth scores varied between 2.48 ± 0.26 for K + controls and 1.45 ± 0.01 for K + 200 µg l -1 endosulfan. In the fourth instar, the number of neckteeth expressed by all daphnids was greatly reduced. However, there was also a significant effect of endosulfan (P < 0.05). The number of neckteeth was significantly reduced at 100 and 200 µg l -1 endosulfan compared with the K + controls.
In the first instar of the F2 generation, there was a significant effect of both kairomone (P < 0.05) and pesticide (P < 0.01) on the expression of neckteeth. The largest neckteeth scores were achieved in the 200 µg l -1 treatment, which was significantly different from the lowest values, which were for 1 and 10 µg l -1 endosulfan. However, none of the neckteeth scores were statistically different from the controls (P > 0.05). In the second instar of the F2 generation, there was a significant decrease in the neckteeth score of the K + daphnids at 100 and 200 µg l -1 endosulfan compared with controls (P < 0.01).
The K + morphs were larger than the K -morphs in all instars, indicating a faster growth rate, and resulting in a larger size at maturity (P < 0.001) (Figure 2 ). Endosulfan reduced the growth rate of D.pulex in all instars. In the second instar, daphnids exposed to 200 µg l -1 endosulfan were smaller than controls (P < 0.05). In all subsequent instars, daphnids treated with ≥100 µg l -1 endosulfan were significantly smaller than controls (P < 0.05). In the second, third and fifth instars, there was a significant interaction between the effects of endosulfan and kairomone on the growth of D.pulex (P < 0.05). This interaction was a result of an inhibitory effect of endosulfan on the kairomone-induced growth differential between the K + and K -daphnids. Thus, without endosulfan, the K+ daphnids were significantly larger than the K -animals in all instars. However, even 0.1 µg l -1 endosulfan was sufficient to reduce this difference in most instars. With increasing pesticide concentrations, the relative growth rate of the K + daphnids was inhibited more strongly than the K -daphnids (Figure 3 ). All daphnids matured in the fifth instar (Figure 4 ). Without endosulfan, the Fig. 3 . Effect of endosulfan on the relative body length of kairomone-exposed D.pulex compared with control animals at maturity (fifth instar). K -daphnids matured, on average, 3 h before the K + animals, but the difference was not statistically significant (P > 0.05). There was a direct effect of pesticide (P < 0.001), but not kairomone (P > 0.05), on age at maturity. There was also an interaction between the effects of kairomone and endosulfan (P < 0.001). This was due to relatively late egg production by the K -10 µg l -1 and the K + 100 µg l -1 groups. Endosulfan caused significant toxicity to late stage embryos and newlyreleased neonates. Aborted late stage embryos and neonates were observed in all treatments except controls. Reproductive output was therefore analysed in two ways: firstly, as the total clutch size which was a measure of the energetic costs of endosulfan and kairomone, and secondly, using surviving offspring which was a measure of demographic costs. The mean first brood size of the control Kgroup was 7.14 (±0.14) offspring compared with 7.68 (±0.47) for the control K + (P > 0.05) (Figure 4 ). There was a negative effect of endosulfan on first brood size at 200 µg l -1 (P < 0.001), but there was no overall effect of the kairomone. Those daphnids exposed to Chaoborus produced more second brood eggs than controls at low pesticide concentrations (P < 0.05). However, levels ≥100 µg l -1 endosulfan inhibited the effect of kairomone on fecundity.
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The percentage of aborted embryos and still-born neonates increased from 9.83% (±2.32) for 0.1 µg l -1 endosulfan to 35.2% (±7.43) at 200 µg l -1 endosulfan (Table I; Figure 1) . However, the predator did not effect the proportion of offspring killed (P > 0.05), thus Chaoborus did not increase the sensitivity of the embryos to endosulfan. Values of 'r', an estimate of the intrinsic rate of population growth, ranged from 0.26 (±0.01) for the control groups through to 0.10 (±0.02) for 200 µg l -1 endosulfan (Table I) . There was no effect of kairomone on 'r' based on the first brood, but the intrinsic rate of population growth was decreased at endosulfan concentrations ≥100 µg l -1 (P < 0.001). There was no interaction between the effects of kairomone and pesticide on the value of 'r'.
Endosulfan reduced the length of the F2 neonates (P < 0.001) and there was also an interaction with the effects of Chaoborus (P < 0.01) ( Table I) . Endosulfan reduced the length of the K -neonates only at 200 µg l -1 , but the length of the K + neonates was reduced at concentrations ≥100 µg l -1 .
Discussion
There were three surprising but potentially significant results from this study. Firstly, the only evidence of neckteeth induction by endosulfan was in the first instar of the F2 generation. Secondly, endosulfan actually reduced the production of neckteeth and inhibited the predator-induced life-history shifts in D.pulex. Thirdly, D.pulex grew faster and were more fecund in the presence of Chaoborus kairomone compared with its absence. This indicated that there were no apparent costs of Chaoborus-induced morphological and life-history shifts.
Following the finding of Barry (Barry, 1998) that endosulfan increased crest size in D.longicephala, it was hypothesized that this pesticide would also increase neckteeth expression in D.pulex. In contrast, higher concentrations of endosulfan inhibited neckteeth production in third and fourth instar daphnids of the F1 Table I . The effects of endosulfan and Chaoborus kairomone on embryo mortality in the first brood of D.pulex, the length of first brood neonates (F2 generation), and on the intrinsic rate of population increase (r). Key: K -= kairomone absent; K + = kairomone present. generation. In the F2 generation, endosulfan caused a unimodal response with maximal inhibition at intermediate concentrations. One explanation for the discrepancy between this and the previous study is that GABA, the molecular target of endosulfan, is not an important inhibitory neurotransmitter in D.pulex. Given the ubiquitous role of GABA as a neurotransmitter in the animal kingdom, this is unlikely. Further, a recent study has demonstrated that picrotoxin, a GABA antagonist, can increase neckteeth formation in D.pulex (Barry, manuscript in preparation) . A more likely explanation is that toxic concentrations of endosulfan inhibit neckteeth formation, a finding which concords with Barry (Barry, 1998) However, without further investigation, these results must be regarded as inconclusive.
Daphnia pulex is most sensitive to the Chaoborus kairomone during embryogenesis (Krueger and Dodson, 1981) . Even the lowest concentration of endosulfan used in this study, 0.1 µg l -1 , caused significant mortality to the daphnid embryos. Thus, any stimulatory effect of the endosulfan on neckteeth formation may have been overwhelmed by the toxicity of the chemical to the embryos. In contrast, D.longicephala is sensitive to the Anisops kairomone through most of its juvenile period. Free-swimming daphnids are more tolerant to endosulfan than the embryos, as D.pulex showed no mortality at concentrations ≤200 µg l -1 , and the acute EC 50 to D.longicephala is 478 µg l -1 (Barry et al., 1995) .
Endosulfan also inhibited predator-induced life-history shifts in D.pulex. This inhibition is seen most clearly in the effects on growth rate and on second brood fecundity. Clutch size was significantly greater for the induced morph in all treatments except 200 µg l -1 endosulfan, where brood numbers were very similar. The induced morph was also larger than the normal phenotype in all instars in the absence of pesticide. However, even the lowest concentration of endosulfan was sufficient to inhibit growth. An alternate explanation is that the kairomone made the daphnids more sensitive to endosulfan and they therefore responded more strongly to the stress. This hypothesis was proposed by Hanazato and Dodson (Hanazato and Dodson, 1992) to explain the synergistic effects of carbaryl and kairomone on D.pulex. However, they also found that kairomone alone reduced the growth rate and clutch size of D.pulex, which is the opposite of the present study.
Inducible defences have been widely assumed to incur demographic costs, otherwise they would become fixed (Riessen, 1984; Harvell, 1990) . In this study, D.pulex not only showed no identifiable costs of predator induction, but also actually outperformed the normal phenotype in two key measurements: growth rate and second brood fecundity. The induced morph of D.pulex was slightly longer than the controls even at birth, indicating that the kairomone may have had a direct effect on the developing embryo. Chaoborus kairomone may directly effect the allocation of resources to eggs, although as the maternal daphnids were exposed only a short time before egg deposition, it is unlikely that this was a significant factor in the response. As size at maturity is often positively correlated with neonate size (Tessier and Consolatti, 1989) , this may partly explain the growth differential between the morphs.
The results of this study correspond closely to the results of Tollrian (Tollrian, 1995) who also found that Chaoborus induced a significant increase in second brood fecundity compared with controls. However, Tollrian (Tollrian, 1995) only found a positive growth effect under conditions of low, but not high, food levels. Both my study and that of Tollrian used Scenedesmus acutus at a concentration of 1 mg C l -1 as the food source; however, Tollrian used a flow-though system which may have maintained a more constant algal concentration. Studies by Black (Black, 1993) and Scheiner and Berrigan (Scheiner and Berrigan, 1998) have also reported positive effects of predator kairomones on D.pulex. Other studies have reported no effect of the kairomone on clutch size (Havel and Dodson, 1987; Black and Dodson, 1990; Riessen and Sprules, 1990) , variable effects (Spitze, 1992) or a significant decrease in fecundity (Ketola and Vuorinen, 1989; Walls and Ketola, 1989; Walls et al. 1991; Luning, 1992) . In summarizing the available literature, Scheiner and Berrigan (Scheiner and Berrigan, 1998) concluded '. . . based on the totality of the evidence, that no overwhelming direct costs exist for D.pulex in response to the presence of Chaoborus'.
There was a small, but non-significant effect of kairomone on age at maturity of D.pulex in this study. Delayed maturity has been consistently reported as an effect of Chaoborus kairomone (Havel and Dodson, 1987; Ketola and Vuorinen, 1989; Black and Dodson, 1990; Black, 1993; Tollrian, 1995; Scheiner and Berrigan, 1998) . Increased age at maturity will have a negative effect on the intrinsic rate of population increase and has frequently been interpreted as a cost of neckteeth production. However, Tollrian (Tollrian, 1995) proposed that delayed maturity was a trade-off for larger size at first reproduction, which may, in turn, result in larger offspring (Lampert, 1993) .
There is little evidence to suggest that the induced phenotype bears an energetic burden. Tollrian found no effect of Chaoborus on carbon assimilation by D.pulex (Tollrian, 1995) . Similarly, Stibor and Machacek (Stibor and Machacek, 1998) found no effect of fish kairomone on assimilation or respiration rates of D.magna. However, Scheiner and Berrigan (Scheiner and Berrigan, 1998) found that Chaoborus kairomone actually reduced the respiration rate of D.pulex, possibly lowering metabolic losses and freeing material for incorporation into tissue. The significance of this result is difficult to interpret as feeding rate was not measured. A reduction in food intake could also result in reduced respiration costs by lowering the cost of specific dynamic action (Lampert, 1986) .
Daphnia may also reduce their swimming speed when they detect Chaoborus kairomone (Pijanowska and Kowalczewski, 1997) . This may correlate with the reduced respiration rate measured by Scheiner and Berrigan (Scheiner and Berrigan, 1998 ). In the confines of a laboratory beaker, where food is more or less homogeneously distributed, this may actually be advantageous because the animals can obtain their food requirements with reduced effort. However, in the Effects of endosulfan in Daphnia pulex natural environment, food may be patchy, and reduced swimming speed may be a severe disadvantage. Thus, under the laboratory conditions, the daphnids may not only be able to compensate for the disadvantage of neckteeth formation, but also to actually become more efficient competitors. In this case, the effect of the experimental scale may have an important bearing on the interpretation of costs.
Tollrian proposed that the normal morph may be a 'general purpose phenotype' adapted to cope with low levels of fish (Tollrian, 1995) . Thus, according to this hypothesis, in the absence of kairomone, D.pulex adopts a generalist phenotype which minimizes risks of irregular or low level predation by fish. This phenotype may also be optimal against other predators such as copepods and damselfly nymphs. The detection of a significant concentration of Chaoborus kairomone would indicate the absence of fish predation and a high level of risk from Chaoborus. This would cue the organism to switch to a set of life-history and morphological traits optimized to minimize the impact of Chaoborus. This may include an accelerated juvenile growth rate to minimize the risk of capture.
It is also possible that the costs of neckteeth formation may only become apparent under stressful environmental conditions such as high temperature (Hanazato, 1991b) , oxygen limitation (Hanazato and Dodson, 1995) or chemical stress (Hanazato and Dodson, 1992) . The tendency for Daphnia to regress towards the 'normal' phenotype under stressful conditions may be evidence of this.
Inducible defenses can greatly increase the probability of survival to maturity in a predator-rich environment (Havel and Dodson, 1984) . The inhibition of these defences by chemical stress may therefore limit their temporal or spatial distribution. Predator-induced responses can be viewed as a specific type of phenotypic plasticity which is particularly amenable to experimental investigation. These results may therefore indicate a more general phenomenon where anthropogenic stresses can inhibit the expression of adaptive phenotypic plasticity in a wide variety of organisms, leading to indirect effects on population distributions. Anthropogenic stress may synergistically add to natural stresses, such as high temperatures (Hanazato, 1991b) , to create further impacts on species distributions. In view of the evidence of global warming and the increased incidence of periods of high temperature, this may be an important area for future research.
